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Abstract. 

We present here the first measurements of sulphur abundances in extragalactic stars. We make use of high resolution spectra, 
obtained with UVES at the ESO 8.2 m Kueyen telescope, of three giants of the Globular Cluster Terzan 7, which belongs to 
the Sagittarius dwarf galaxy. We measure the sulphur abundances using the lines of S i multiplet 1. The S/Fe ratios for all three 

stars are nearly solar, thus considerably lower than what is found in Galactic stars of comparable iron content ([Fe/H] 0.50). 

This finding is in keeping with the abundances of other a-chain elements in this cluster and in Sagittarius and other dSphs in 
general. These low a-chain elements to iron ratios suggest that Sagittarius and its Globular Clusters have experienced a low 
or bursting star-formation rate. Our sulphur abundances imply (log(5/0)) = -1.61 which is comparable to what is found in 
many H n regions of similar oxygen content, and is slightly lower than the solar value (log (S/0)©= -1.51). These are also the 
first measurements of sulphur abundances in a Globular Cluster, thus a direct comparison of Terzan 7 and Galactic Globular 
Clusters is not possible yet. However our analysis suggests that the lines of S i multiplet 1 should be measurable for other 
Globular Clusters at least down to a metallicity 1.5. 

Key words. Nucleosynthesis - Stars: abundances - globular clusters: individual: Terzan 7 - Galaxies: abundances - Galaxies: 
dwarf - Galaxies:individual Sgr dSph 



2 ' 1- Introduction terpre tation is not always straightforward (see lKobavashi et alJ 

' Il998l and references therein). Among the a-chain elements sul- 

i The or-chain elements (i.e. all the even elements from oxygen phur is not often studied in stars because there are few suit . 

• • ■ to titanium) may be produced in stars during carbon-burning, able ^ at variance with the neighbouring elements Si and 

• ox yS en - burnin g and neon-burning phases, both in central burn- Ca which are more easily measured . Sulphur is instead more 

^ ' ing and connective shell burning, as well as in explosive burn- easily measured in the interstel lar medium, both in the warm 

g i ing phases ( |Limongi & Chiefti| | 2003|) . It is only the massive ISM? through absorption lines lavage & Sembachlfl996l and 

stars, which end their lives as Type II SNe, which undergo reference s ther ein) and in Hit regions through emission lines 

these phases and have a means to eject their nucleosynthe- J G arnettlll989t lTorres-Peimhert^tli1fl989i) . This makes sul- 

sis products in the interstellar medium. Thus the or-chain el- phur an e i ement which is rea dily measured in external galaxies 

ements are a good tracer of the nucleosynthesis of the short in which one of its g ase0 us phases is measu rable, i.e. Damped 

lived massive stars. On the other hand Fe and other iron-peak Ly a g a i axie s ( DLAslCenturion et alJ2000l) and Blue Compact 

elements are produced both in Type II SNe and in Type la SNe, Ga i axies (BCC,s lC,arnettll989HTzotov & Thuanll999h . With re- 

which may explode over longer time-scales dTinsld 11222 spe ct to other easily accessible a elements, such as Si or Mg, 

i Kobayashi et aljl998|) . For this reason the ratios a/Fe (where a sulphurhas the advantage t hat it is not depleted onto dust grains 

is any of the a-chain elements) are sensitive diagnostics which dsavage & Sembachl 19961) : thus its abundance in the gas phase 

may give us information on the time scales for the evolution e q Ua i s me total abundance 
of a galaxy and on the star formation rate, although their in- 

This situation makes it highly desirable to have a direct 



Send offprint requests to: E. Caffau comparison with sulphur abundances measured in stars, ei- 

* Based on data obtained in ESO programme 65.L-0481 ther in the Milky Way or in gas-poor galaxies, such as dwarf 
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Fig. 1. The spectrum of star # 1282 (black line) and the spectrum of the B star HD 68761 (vsin/ = 350 kms~' ) (grey line), 
which has been used to remove the telluric lines. The three most prominent telluric features have been marked with a crossed 
circle. The three sulfur lines (marked by asterisks), as well as the other stellar lines, with central residual intensity less than 0.8 
have been identified. Also the position of Paschen ( has been identified (and marked by a triangle), although its predicted central 
residual intensity is 0.9665; note that, due to the radial velocity of Terzan 7 this coincides with the telluric line at 923.48 nm. 
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Fig. 2. Fit of the 922.8 nm line of the three stars, from top to 
bottom are stars # 1665, # 1282 and # 1708. This line is not 
contaminated by telluric lines in any of the stars. 

spheroidals, for which stellar measurements are the main, or 
only source of abundances. Although it could be argued that 



Table 1. Atmospheric parameters and S abundances. 



Star 




r eff 


logg 




[Fe/H] 


[S/H] 


[S/Fe] 








cgs 


kms 1 


dex 


dex 


dex 


1665 


S16 


3945 


0.8 


1.55 


-0.51 


-0.59 


-0.08 


1282 


S34 


4203 


1.3 


1 .60 


-0.54 


-0.59 


-0.05 


1708 


S35 


4231 


1.2 


1.70 


-0.56 


-0.62 


-0.01 



other a-chain elements such as Ca or Si could be used as prox- 
ies, there are some theoretical predict ions that not all g-c hain 
eleme nts should vary in lockstep JLanfranchi & Matteuccil 
2003, and references therein), as well as some observational 
hints JVenn et al.ll20 04). Clearly, accurate observations of sev- 
eral ff-chain elements are needed to decide if this is the case or 
not. For these reasons the additional effort to measure sulphur 
in stellar spectra is justified. 

Terzan 7 dTer/anlll968h is a Globular Cluster associated 
with the Sgr (dSph) system. Its low stellar concentration al- 
lowed to obtain accurate photometry into the central region; 
from these data the young age an d the metallicity have been 
estimated JBuonanno et al. lfl995h . However it appeared soon 
that the metalli city determined photometrically (lower than 
[Fe/H]= -0.74, iBuonanno et aTT ll995) is in clear disagree- 
ment with that obtained spe ctroscopically from Can triple t 
lines ([Fe/H]= -0.36 + 0.1 1 iDa Costa & Armandrolll995l) . 
The metallicity derived from high resolut ion spectra o f giant 
stars is [Fe/H]=-0.61 according to Tautvaisiene et al. 1 (120041) 
and [Fe/H]=-0.59 according to fsbordone et al. I ll2005l) . both 
obtained from spectra observed wi th U VES. 

Both lTautvaisiene et al. I ( 12004 and lSbordone et al. I d2005l) 
found that the abundance of a-chain elements, notably Ca, Si 
and Mg, implies a to iron ratios which are lower than the ratios 
observed in Galactic stars of comparable metallicity. It is thus 
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Fig. 3. [S/Fel versus [Fe/H l for Galactic stars of the compila- 
tion of|Caffau et al. N200 5) (crosses) and Terzan 7; each star is 
denoted by a letter: # 1665 is D, # 1282 is E and # 1708 is F 



quite interesting to investigate whether sulphur behaves like the 
other ff-chain elements. We stress that these are the first mea- 
surements of S in a Globular Cluster. The usually studied a 
elements are: O, Si, Ca and Ti. 



2. Data analysis and results 

Our sample consists of three giant stars of Terzan 7 ob- 
served with UVES at the 8.2 m Kueyen ESQ telescope w hich 
have already be en ana lyzed bv ITautvaisien e et al. and 
ISbordone et al. lj20 05). UVES has been used with dichroic # 2, 
for the present work we used only the data of the upper CCD in 
the red arm. The resolution is R~ 43000. We determine the sul- 
phur abundance using line profile fitting in the region from 921 
nm to 924 nm (see Fig.[0, which covers the three lines of the S i 
multiplet 1, the signal to noise ratio in this region is ~ 50 for all 
three stars. We use ax minimization co de as we did for sul - 
phur determination for Galatic stars (see ICaffau etal. 2005). 
Telluric lines were subtracted making use of the spectrum of a 
fast rotator, suitably scaled. In all three stars one sulphur line 
(922.8 nm) was not blended with telluric lines and this allowed 
to check the success of the telluric subtraction procedure. The 
921.2 nm line has very near a telluric line, while the 923.8 nm 
line was contaminated. 

With respect to the Galatic stars which we analyzed 
(Caff au etal.1l2005l) . these Terzan 7 stars are cooler and of 
lower gravity, so that some weak CN molecular lines are 
present. Of the three sulphur lines only the 923.8 nm is blended 
with a CN feature, however for all three the presence of these 
CN lines affects the position of the continuum. Therefore at 
first we fitted the CN features in the region between 921.2 nm 
and 922.8 nm, in order to fix the CN abundance, then we fit- 
ted S lines. Fits to the 922.8 nm line in the three stars are 
shown in Fig. |2] We do not report here the adopted abun- 



dances of C and N because we are not sure of the quality of 
the oscillator strengths we are using. The abundances of C 
and N in these stars will be the object of future work, mak- 
ing use also of the blue spectra available. For the stars we 
ado pted the atmospheric p arameters and metallicities derived 
by ISbordone et al. I d2005h . these are reported in Table ^ to- 
gether with the derived sulphur ab undances, the star numbers 
re fer to th e Buonanno et al. ( 1995) catalogue, the names used 
bv ITautvaisiene etluTTHoO^ are also provided. The difference 
in S abundance derived from the three different lines is < 0.06 
de x in all cases. The mod el atmospheres were the same used 
bv lSbordone et al. I d2005l) . the effective temperatures were de- 
rived from the B - V colour and have an uncertainly of the or- 
der of 100 K. The model atmosphere for star # 1665 was com- 
puted with ATLAS 12 and custom abundances, while for the 
other two stars ATLAS 9 with solar-scaled Opacity Distribution 
Functions for £ = 1 kms~' was used. The synthetic spectra 
were computed using the SYNTHE suite llKuruczlfl993l) in its 
Linux version ( Sbordon e et al. 2Q04|). The oscil lator strengths 
of the S i lines were taken from Wiese et al. dl969h . 

To estimate the errors in the sulphur abundances we re- 
sorted to a Monte Carlo simulation. Since all the stars have sim- 
ilar atmospheric parameters and signal to noise ratios, we per- 
formed the simulation only for star # 1282, and take these error 
estimates as representative also for the other stars. A Monte 
Carlo set is obtained by injecting noise into a synthetic spec- 
trum so that S/N=50, all sets comprised 10000 events. The in- 
put synthetic spectrum had T e g = 4203 K, log g=1.30, £, = 1.60 
km s _1 [Fe/H] =-0.54, [S/Fe]=-0.05. The simulated spectrum is 
fitted as though it were an observed spectrum and the standard 
deviation from the mean fitted abundance is taken as error esti- 
mate. The synthetic spectra used in the fitting have either equal 
r e jf , log g and £ as the input spectrum, in order to estimate 
the random error due to the noise in the data, or different pa- 
rameters (r e ff , log g, [Fe/H]) to estimate the joint effect of 
systematic errors in the parameters and noise in the data. 

From these simulations we derive a random error of 0.04 
dex. A change of metallicity of 0.2 dex results in a change of 
about 0. 10 dex in the mean S abundance (+0. 10 for an increase 
of 0.20 in [Fe/H]; -0.06 for a decrease of 0.20 in [Fe/H]). A 
change in log g of +0.5 dex results in a change of +0.18 dex 
in sulphur abundance. A change in T e g of ±100 K results in a 
change in sulphur abundance of +0.18 dex (note the change in 
sign). 

3. Discussion 

With respect to Galactic stars of comparable metallicity, the 
three Terzan 7 stars which we analyzed are clearly deficient 
in S. In Fig.[3]are shown the [S/F e] ratios vers us [Fe/H] for the 
stars of the compilation of C affau et al. I ll2005l) . and each of our 
Terzan 7 stars is identified with a letter. Virtually all Galactic 
stars, of metallicity comparable to Terzan 7, have higher [S/Fe] 
ratios. We note a few Galactic stars with low [S/Fe] ratios, 
which could be accreted by the Galax y, however their Ga lactic 
orbits do not appear to be distinctive (Caff au et al. 120 05). Our 
main conclusion is that sulphur appears to track the other a 
elements. Moreover, since for the other a elements, Terzan 7 




Fig. 4. Comparison of the S/O ratio in the stars of Terzan 7 
(each star is designated by a letter as in Fig. [3 and in Hn re- 
gions, bo th Galactic an d extragal actic (crosses), the latter data 
are from lGarnettl Jl989l) and llzotov & Thuanl 1 19991). The solid 
line represents t he solar value: A(S)0 = 7.21 lLoddersI J2003) 
and A(OlQ=8.72 lAsplund et al]l2004 from MARCS ID mod- 
els) 

seems to be undistinguishable from the Sgr field stars of simi- 
lar metallicity, one may expect the same to hold for sulphur: a 
prediction which may be verified with observations of Sgr field 
stars. This conclusion relies on the accuracy of our effective 
temperatures, if these were systematically higher bylOO - 150 
K the [S/Fe] ratios in Terzan 7 would become similar to those 
of Galactic stars. The good agreement betw een our colour tem- 
peratures and the excitation temperatures of Tau tvaisiene et al. I 
(2004) suggests that such a systematic shift is unlikely. The 
[S/Fe] ratios found by us seem to strengthen the similarity of 
Sagittarius with DLA galaxies, which had been already as - 
serted on the basis of other a elements jBonifacio et al. 120*041) . 

Our result s m ay also be directly com pared with those of 
lGarnetll lfi989) and llzotov & Thuanl Q999I) who concluded that 
in BCGs the S/O ratio is constant, independent of the metal- 
licity. This has been taken as evidence that in such galaxies 
the initial mass function (IMF) does not vary with time and 
that the same massive stars are responsible both for the pro- 
duction of oxygen and sulphur . The oxygen abun dances in our 
stars have been measured bv ISbordone I ([2005 ) and the S/O 
ratios are shown in Fig. @] compared to th e values in Hn re- 
gions, bo th Galactic and extragalactic, from lGarnettl i ll 9891) and 
llzotov & Thuanl lll999l) . The solar value is shown as a hor- 
izontal line. The stars in Terzan 7 occupy a position which 
is populated by many Hn regions, slightly below the solar 
S/O ratio. From Fig. 0] we note a rather large scatter, which 



might be due to observational errors, however it is intriguing 
that most galaxies (and Galactic Hn regions) show S/O ra- 
tios which are below the solar value. Note that in the previous 
work on S abundances in H n regions this fact was not apparent 
because the value A(O)0 _ 8.93 for the solar oxygen abun- 
dance, from lAnders & Grevessd dl989h. was adopted. Ins tead 
we have adopted the determination o f Asol und etaDll2004 us- 
ing MARCS ID models). The quality of the data does not allow 
to claim that IMF variations actually exist. However new and 
more accurate observations of S/O ratios, both in stars and H n 
regions should be able to address this point. The success of our 
measurement of S in Terzan 7 suggests that the lines of multi- 

plet 1 should be measurable, at least down to [S/H] 1.5, for 

stars in Globular Clusters and Local Group galaxies. 
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